NASA TECHNICAL TRANSLATION NASA TT F 15,945

AN INVESTIGATION OF CHANGES IN THE CHEMICAL COMPOSITION
OF LOWLAND PEAT IN THE PROCESS OF SELF-HEATING
VII. THE FORMATION OF ORGANIC ACIDS

S. 8. Mal' and G, I. Maksimenok

Translation of: "Issledovaniye lzmeneniy
khimicheskogo sostava nizinnogo torfa v
protsesse samorazogrevaniya. VII. Obra-
zovanilye organicheskikh kislot", Vestsi
Akademii Navuk Belaruskail 3SR, Seryya
Khimichnykh Navuk, No. 3, 1971, pp.

87-50

,/,\’L‘g\ﬁ\'\‘lluhr '.,_,‘_:'

N &
'E\\ % (} =
{NASA-TT-F-15945) AN INVESTIGATION OF N74=33607) W
CHANGES IN THE CHENICAL COMPOSITION OF i
LOWLAND PEAT IN THE PROCESS OF I
SELF-HEATING. 7. (Scientific Translation Unclas L

Service) 10 p HC 34.00C CSCL 07cC G3/06 586377 o

BRI

NATICNAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D. C. 20546 OCTOBER 1974



STANDARD TITLE PAGE

]

1. Report No. -‘ 2. Government Accession No. 3. Recipient’s Catolog No.
NASA TT F-15,945
4. Title and Subtitle 5. Report Date

N INVESTICATION OF CHANGES IN THE CHEMICAL COM~ |  Ootuben 1974

POSITION OF LOWLAND PEAT IN THE PROCESS OF SELF-
{EATING, VII, THE FORMATION OF ORGANIC ACIDS

6. Performing Organization Code

7. Author(s) . - 8. Performing Organizatien Report Ne,

. . _ )
S. 8, Mal' and G. I, Maksimenok 10. Work Unit No.

s - 1V, Contract or Grant No,
9. Petforming Orgenization Nome and Address . NASw-2483
SCITRAN 13. Type of Roport ond Period Covered
© Box 5456 & T lati
Santa Barbara, CA 93108 | translation

12, onsormg Agency Namo and Address
atlonai Aeronautics and Space Administration

Washington, bh.C. »0546 14, Sponsoring Agency Code’

15. Supplementary Notes
Translation of "Issledovaniye 1zmenen1y khimicheskogo sostava
nizinnogo torfa v protsesse samorazogrevaniya, VII, Obrazovaniye
organicheskikh kislot", Vestsi Akademii Navuk Belaruskai SSR,
Seryya Khimichnykh Navuk. WNo..3, 1971, pp. 87-90,

16. Abstract  Peatg with 35-40 and 507 decompn, on storage under- conditions
favoring biol, activity (<75°) formed small amounts of org, acids (from
0.07-0,11 initially to 0,32-5% in 8 months' storage).. On heating at

"~ »75°, the acid content rose rapidly to 0.9 - 1.3%Z in 4 months; the
reactlon products included glutaric and oxalic acids, their conens. ris-

“ ing with the increasing storage period, At these temps,, some hydroxy
(glycelic, malic, and lactic} acids were also seen in small amts. The
mono-, di-, and hydroxycarboxylic acids identified were typical of the

“products of oxidative degradation of hydrocarbons. The direct relation

" noted between the hydrocarbon content of peats and the amts., of org.
"acids formed on.heating them conflrmed formation of the acids by chem.
conversion of the hydrocarbons.

!

17. Key Wordls {seiegted by Aumorm)' 1B. Distribution Statement

1

Unclassified - Unlimited

19, Security Classif, (of this report} 2. Security Clossif. (of this poge) 21 No. of Poges 72, Price -

Unclassified Unclassified g

13 .




AN INVESTIGATICN OF CHANGES IN THE CHEMICAL COMPOSITION
OF LOWLAND PEAT IN THE PROCESS OF SELF-HEATING
VII. THE FORMATION OF ORGANIC ACIDS*

S. 8. Mal' and G. I. Maksimenok

In the process of self-heating of cut peat, a significant in-
crease in the active acidity of the medium 1s observed, which 1s
usually linked with the accumulation of organic acids. Reports
avallabkle in the literature on the composition of the acids that
form in the process of peat self-heating are few. Bogopol'skiy [1]
established the presence of butyric acid bacteria in peat, and
established the presence of butyrle acid in peat from heating plles.

Strygin [2] cites data on the presence in heating peat of
acetic, formic, lactic, and other organic acids whose content strongly
increases with an increase in the temperature of heating. A% any
rate, the investigation of the composition and mechanism of forma-
tion of the organic acids has impoertant significance for revealing
the character of microbioclogical processes, and for establishing the

chemical transformations that occur durlng peat self-heating.

*
Institute of Peat of the Academy of Scilences BSSR.
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We showed earlier [3] that . in the process of storing block
peat with its heating below 75°. the content of organic acids in-
creases slowly, while with an elevation in temperature to above 75%,
their amount rapidly increases and reaches 4% of the organic sub-
stance of the peat. With the aid of paper chromatography, it was
qualiitatively established that the newly formed formic and acetic
(volatile, with the vapor) acids, as well as oxalic, lactic, glutaric,
fumaric, maleic, and citric acids are typical products of the

oxidative decomposition of carbchydrates, as 1s known.

This study posed as its goal a study not only of the qualitative,
but also the quantitative composition of the organic acids formed

during self-heating.

The investigation was carried cut using other types of lowland
peat: woody reed (50% degree of decomposition) and woody bog reed
(35 - 40% degree of decomposition), stored in test piles at the peat
enterprise "Svetlogorskoye". Durilng the period of laying down the
test piles, an average sample of peat having a volume of about one
cubic meter was taken. Two - three kg peat from the average sample
were placed in bags made of porous glass cloth, which were placed by
center cross section at depths of 1.0, 2.0, and 4.0 m from the end
of the pile. Sampling was carried out 2, U4, and 8 months after the
beginning of storage. Observation of temperature in the samples was
carried out by means of standard MMT-4a implanted thermistors. The
total content of free and bound acids and the individual composition
of volatile and nonvolatile acids were measured with the vapor in
the selected samples. Extraction of the organic aclds from the raw
peat was carried out during heating in a water bath over a 4 hour
period; the ratio of peat to water was 1 : 25. The content of free
acids was determined by direct titration with 0.1 n. solution caustic
soda in the presence of phenolphthalein. The acids bound 1n the
form of ammonium salts were titrated after adding formalin which had
entered into reaction with ammonia. The volatile acids were meas-—
ured by means of distillation with the water vapor from the acidi-
fied agueous extract.
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TABLE 1. GROUP COMPOSITION OF ORGANIC ACIDS#
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Translator's note: Commas 1n numbers represent decimal |
pointsl

Table 1 gives the results of quantitative measurement of the

group composition of carbonic acids in the heating peat.

The same table shows the location of sampling bores in the pile,

the length of storage time, and the maximum temperature of heating.

In analyzing the numerical material of Table 1, it can be seen
that the formaticn of organic acids mainly depends on the tempera-
ture of heating during storage of peat, as well as on the length of
storage time. When the temperature of the peat does not exceed 759,
the acid content slowly inereases from 0.07 - 0.11 to 0.32 - 0.35%



over 8 months of storage. At a temperature of 75° and above, the
amount of organic acids rapidly increases, and in 4 months reaches
0.90 - 1.30° of the organic substance of the peat. At these tempera-
tures, acids also form that are volatile with the vapor, and the

amount of such acids reaches 304 of the total amount of acids.

The individual composition of volatile and nonvolatile aclds
was investigated by the paper chromatography method. For extracting
the acids, the aqueous solution was neutralized with a 0.1 n. solu-
tion caustic barium to pH 7, boiled dry, and following acidificaticn
with 1 ml 6% sulfuric acid, it was processed with grey ether. The /89
acids not vapor volatile were separated in the system of solvents:
grey ether-formic acid-water in a ratioc by volume of 18 : 9 : 5 [5];
the volatile acids were chromatographed in the following system of
solvents: n-butanol-ammonia-ethanol-water in a ratio by volume of
4 %1 21 % 4 [6]. The chromatograms were developed with a 0.4% solu-|
sion bromcreasol green. The acid spots were cut out, diluted with
boiling water three times, and the aliguot part was titrated with a
0.02 n7 solution caustic soda in the presence of phenolphthalein.
Among the vapor-volatile acids, one spot was found that corresponded
to the total of formic and acetic acids. The individual content of

acids not volatile with the vapor is shown in Table 2.

Acids with 4 atoms of carbon first appear during the heating of
peat: unsaturated (fumaric and maleic) and saturated (succinic),
as well as the oxiacids (lactic). As is known, maleic, fumaric, and
succinic acids are the products of oxidation of furunol by hydrogen
peroxide in the presence of carbonic acids [4]. The latter is formed
from the pentoses, which most actlvely participate 1n the chemical

reactions that cccur during self-heating [3].

In the case of intensively heating peat at a temperature of
75° or higher, the amount of saturated dicarbonic acids increases,
and glutaric as well as oxalic appear; their amcunt increases with
the increase in length of storage time. At these temperatures,
oxiacids are also present in small amounts --— glycolic, malic, and

lactic.
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All the identified acids are typilcal products of the oxidative
deccmposition of carbohydrates. A direct relationship is observed
between the content of carbohydrates in the initial peat and the
amount of organic acids that form during heating. Thus, during
heating of bog peat with a total 17.3% monosaccharides content, the
yield of organic acids was 4.1% of the organic substance [3]. Dur-
ing heat, in our case of. woody~reed (total mcnosaccharides 7.1%) and
woody-bog peat (total monosaccharides 8.7%), the yleld of organic
acids fell to 1.2 - 1.3% [7].

Conclusions

1. During the storage of woody-reed and woody-bog peat, as
well as in the case of storing bog peat, the formation of organic
acids occurs slowly in the region of microbiological activity and



with a subsequent increase in temperature. In the case of inten-
sively heating peat at a temperature of 75° and above, the amount of
organic acids sharply increases as the result of the ongoing chemical

reactions.

2. The monocarbonie, dicarbonic, and coxicarbonic acids of the .
aliphatic series identified are the typical products of oxidative
decomposition of carbohydrates. The direct relationship between the
content of carbohydrates in the initial peat and the amount of or-
ganic acids 1In the heating peat confirms the ccnclusion of the
formation of the latter as the result of chemical conversions of

the carbohydrates.
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